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(57) Abstract 

A process for the removal of sulphur compounds from a gaseous effiuent, comprising the steps of: a) contacting the gase- 
ous, effluent with an aqueous solution wherein sulphur compounds are dissolved: b) adjusting the concentration of buffering com- 
pounds such as carbonate and/or bicarbonate and/or phosphate in the aqueous solution to a value between 20 and 2000 meq/1; 
c) subjecting the aqueous solution containing sulphide to sulphide-oxidising bacteria in the presence of oxygen in a reactor wher- 
ein sulphide is oxidised to elemental sulphur; d) separating elemental sulphur from the aqueous solution; and e) recycling the 
aqueous solution to step a). This process is suitable for removing H2S from biogas, ventilation air eta It can be used for remov- 
ing SO2 from combustion gases by introducing the additional step, after step a) and before step c), of subjecting the aqueous 
solution containing the sulphur compounds to a reduction of the sulphur compounds to sulphide. H2S and SO2 removal is 
further enhanced by a residual sulphur content in the washing liquid of 1-50 g/1. 
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Process for the removal of sulphur co mpounds from gases. 

The invention relates to a process for the removal of sulphur 
compounds from a gas flow, in particular from biogas. wherein the gas is 
washed with an aqueous washing liquid and the spent washing liquid is 
treated vrith oxygen and is subsequently reused as a washing liquid. 
Background of the invention 

The presence of sulphur compounds in gas flows is undesirable, because 
of their toxicity and their smell. Hydrogen sulphide (HjS) is a harmful 
compound that is frequently present in gas flows, especially in biogas 
originating from anaerobic waste treatment. Sulphur dioxide is another 
noxious sulphur compound that is present in gas flows resulting from the 
combustion of fossil fuels . Other harmful sulphur compounds that may be 
present in gas flows include sulphur trioxide, carbon disulfide, lower alkyl 
mercaptans etc. Gaseous effluents containing these sulphur compounds must 
therefore be purified, before they can be discharged into the atmosphere. 

A process for removal of HjS from a gas flow by scrubbing with a 
washing liquid and subsequently oxidising the absorbed sulphide is known 
from European patent application 229,587. According to that process, 
sulphide absorbed in the washing liquid is oxidised non-biologically, in the 
presence of a catalyst, to products including elemental sulphur which is 
separated from the system. However, loss of catalyst occurs in such a 
process, which is an environmental drawback and which increases costs. The 
known process is also relatively expensive because oxidation takes place 
using pressure. 

A process frequently used is washing biogas with an aqueous liquid 
having an increased pH, typically a pH of about 11. This increased pH may 
be adjusted by the addition of sodium hydroxide or other alkalis. Such 
processes are known for example from European patent applications 229,58? 
and 331.806. A drawback of scrubbers of this type is their high consumption 
of chemicals, resulting in relatively high operational costs. The price of 
sodium hydroxide has been increasing strongly recently as a result of a 
reduced production of chlorine. For many industries, savings in sodium 
hydroxide will therefore become important. Another disadvantage of this 
process is that it results in an aqueous effluent contaminated with 
siilphide. 

Another method consists in mixing the biogas with air or oxygen and 
then conveying it into an oxidation reactor, wherein the sulphide is 
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converted to sulphur, as is known from European patent application 224, 889* 
A drawback of this method is that the reactor becomes rather expensive, 
because the mixture of biogas and oxygen is ^plosive, requiring safety 
precautions. The reactor should also be rather large because the conversion 
rate is strongly reduced by the low concentration of oxygen which is allowed 
ion connection with the gas effluent requirements (explosion standards) . 

Known processes for the removal of sulphur dioxide from gaseous 
effluents involve washing the gas flow with an acidic aqueous washing liquid 
having a pH which is typically below 5.8. The dissolved SO2 is usually 
oxidised ^nd separated as calcium sulphate (gypsim). 
s^tfim^ftTnr of the invention 

The invention provides an integrated process for the removal of 
sulphur compounds, such as H2S and SQzt from gaseous effluents, wherein 
chemical scrubbing and biological oxidation are combined. The process 
results in an effective purification without the need to continuously add 
^lirAli or other chemicals to the washing liquid or to add oxygen to the gas 
flow and without danger of explosion. 

The process of the invention is characterised by carrying out the 
steps of; 

a) contacting* the gaseous effluent with an aqueous solution wherein 
sulphur compounds are dissolved; 

b) adjusting the concentration of buffering compoxinds such as carbonate 
and/or bicarbonate and/or phosphate in the aqueous solution to a value 
between 20 and 2000 meq/1; 

c) subjecting the aqueous solution containing sulphide to sulphide- 
oxidising bacteria in the presence of oxygen in a reactor wherein sulphide 
is oxidised to elemental sulphur and hydroxide; 

d) separating elemental sulphur fonn the aqueous solution; and 
f ) recycling the aqueous solution to step a) . 

When the gaseous effluent contains c^preciable levels of oxidised sulphur 
compounds, in particular sulphur dioxide, the process comprises, after or 
before step b), the additional step of subjecting the aqueous solution 
containing the sulphur confounds to a reduction of the sulphur compounds to 
sulphide. 

Description of the invention 

The first step of the process according to the invention consists in 
contacting the gaseous effluent with an aqueous washing liquid. This step 
can be perfomed in a gas scrubber which ensures an effective contact between 
the gas flow and the washing liquid. 
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An important feature of the present process is that the weishing liqxiid 
is buffered, preferably at a pH between 6.0 and 9.0, depending on the nature 
of the gas flow to be treated and especially on the nature of the sulphur 
compounds to be removed. The buffering compounds must be tolerated by the 
bacteria present in the oxidation reactor. Preferred buffering compounds are 
carbonates* bicarbonates, phosphates and mixtures thereof, especially sodium 
carbonate and/or sodium bicarbonate. The concentration of the buffering 
compounds depends on the nature of the gas flow, and is generally adjusted 
to a value within the range of 20 to 2000 meq/1. When sodium carbonate is 
the buffering compound, its concentration is preferably adjusted to about 
1 to 70 g/1. Where in this specification reference is made to bicarbonate 
and carbonate concentrations, these are expressed as the concentration by 
weight of HCO3* and C03"" ions respectively. 

Addition of buffering compounds can be done after the washing liquid 
has left the gas scrubber, but also before it is fed into the scrubber. In 
case of carbonate/bicarbonate, the buffering compound can advantageously be 
added in the from of carbon dioxide, for example in the gas scrubbing step, 
when the gaseous effluent contains hi^ levels of carbon dioxide. 

Known autotrophic aerobic cultures, such as cultures of the genera 
ThiobacilUis and Thiomicrospiraf can be used as bacteria oxidising sulphide 
to elemental sulphur (herein referred to as sulphide-oxidising bacteria) in 
the treatment of spent washing liquid in the presence of os^gen in step c) . 

The amount of oxygen fed into the washing liquid in the oxidation 
reactor is adjusted in such a way that the oxidation of the absorbed 
siaphide predominantly leads to the production of elemental sulphur. Such 
a process for the controlled oxidation of sulphur-containing waste water is 
described in Netherlands patent application 88OIOO9. 

The production of sulphur in the oxidation reactor will result in a 
sulphur slurry which is drawn off. The sulphur from this slurry is separated 
and processed by drying and optionally pruifying, and utilised. 

It has been found to be advantageous when not all sulphur is drawn 
off, and thus the separation is carried preferably out dis continuously or 
partially, resulting in a washing liquid still containing sxaphur. The 
sulphur concentration in the washing liquid is generally kept between 0.1 
and 50 g/1, preferably between 1 and 50, and more preferably between 10 and 
50 g/1 (1-5 %, by weight). In particular, the sulphur separation rate is 
adjusted such that the washing liquid is recycled to the largest extent 
possible. The liquid recovered after processing of the separated sulphur can 
be returned to the washing liquid. 
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The advantages of the present process are: 

1. there is hardly any need for chemicals (sodium hydroxide); 

2. no catalyst is needed; 

3- the required equipment is simple; 
4. energy consumption is low; 

5» no CG2 is absorbed (after equilibrium has been established); 
6* no waste effluent results, the sulphur may be sold. 

Experiments have shown that the high (bi) carbonate concentrations do 
not negatively affect the bacterial activity. 
Removal of hvdrogen sulphide 

When HgS or other reduced volatile sulphur compounds such as lower 
alkyl meraptans or carbon disulphide. have to be removed, e.g. from biogaSt 
the sp^t washing liquid containing the sulphur compounds can be directly 
fed into the reactor containing the sulphide-oxidising bacteria. These 
reduced sulphur compounds, when dissolved, are referred to herein as 
"sulphide", but this term will be understood to include other reduced 
sulphur species such as dissolved hydrogen sulphide (H^S or HS") • disulphide, 
polysulphides , thiocarbonates , alkanethiolates . etc. 

The pH in the system is preferably kept at about 8-9. particularly at 
about 8.5. When the pH is lower, the H2S scrubbing efficiency is 
insufficient, whereas a higher pH inhibits the activity of most of the 
bacteria. At the start of the process according to the invention, an 
alkaline washing liqxiid will be used, or alkali will be added in the initial 
stage of the process. It was foimd surprisingly that, after an initial 
period, no needs to be added any more, in particular when .the gas 

flow also contains carbon dioxide such as in biogas. 

The composition of the washing liquid is determined by: 

1. the pH 

2. the oxidation of sulphide 

As to the pH: 

CO2 which is present in the (bio) gas will also partially be absorbed 
in the washing liquid. As a result of the recycling of the washing liquid 
a carbon dioxide equilibrium will be established according to the following 
reactions: 

H2O + CO2 •» H2CO3 «» HCO3' + H" CO3*" + 2H^ 

The concentration of the dissolved carbonates produced depends of 
course on the COj concentration in the gas to be purified: The carbonate 
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concentration is about 4-70 g/1, when the CO2 concentration in the gas is 
between 10 and 20%. The process is found to operate particularly effectively 
at such concentrations. A carbonate concentration of more than 70 g/1 is not 
suitable, since it will adversely affect the activity of the bacteria in the 
oxidation reactor. 

In a conventional scrubber absorbing HjS and CO2 at high pH, the level 
of CO2 absorption is much higher than in a scrubber as operated according 
to the present invention. The total amount of CO2 absorbed depends on the 
CO2 content of the gas flow, the pH of the scrubbing liquid and the gas flow 
conducted through the scrubber. In a conventionally operated scrubber the 
CO2 saturation value (i.e. the HCOj" and COf concentration) is not reached, 
because of the high pH and the short contact time between gas and washing 
liquid. In the present process however, the carbonate and bicarbonate 
concentrations of the washing liquid will be equal to or close to the 
saturation level, because of the relatively low pH (and thus the relatively 
low saturation value, which is about 3-5 g/1 for HCO3" and about 0.1-0. 3 g/1 
for CO3"" at pH 8.5) and low gas/liquid flow ratio, and because the system 
is cyclic. 

After an equilibrium has thus been established, the washing liquid 
will no longer absorb COg and no more or very little alkali will be needed 
for neutralising the COg. The CO2 which is stripped in the oxidation step can 
be replenished in the absorption step. 

When the COj content in the gas is lower, CO2 or (bi) carbonate may be 
added, preferably to a level of IOO-15OO, more preferably 200-1200, and most 
preferably between AOO and 1200 meq/1. 

As to sulphide oxidation: 

As a result of the oxidation of sulphide with oxygen the concentration 
of sulphide in the washing liquid will not increase. The sulphur content in 
the liquid will increase instead, according to the following reactions, 
which illustrate why the pH of the washing liquid does not decrease. 

2 H2S + O2 - 2 S * 2 HjO 
or: ( n S - S„ ) 

2 HS" + Oz - 2 S + 2 OH" 

The sulphide concentration in the spent washing liquid having a pH of 
about 8.5 will normally be about 80-100 mg/1, expressed as sulphur. This is 
a lower concentration than the concentration that is obtained in a 
conventional HjS scrubber operating at a pH of 10 to 11. Therefore, the 
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scrubber will have to be larger than a conventional scrubber and a higher 
water/gas flow ratio will be used, for example a water flow to gas flow 
ratio of 0.1 to 0.2. 

It was found that a siilphur concentration of 0.1-50 g/1, in particular 
1-50 g/1 in the washing liquid improves the removal of HgS from the biogas. 
while at the same time an effective sulphur separation is ensured. The 
improved HjS removal results from polysulphide production according to the 
reaction: HS* + S„ - HS^^^d' 

which causes the absorption equilibrium to shift towards increased 
absorption. At a sulphide concentration of 90 mg/1 in the spent washing 
liquid, at least half of the sulphide will be bound as polysulphide. 

The present process has the advantage that neutralising agents are not 
necessai^ to lower tlie pH after the scrubber, and therefore no salts are 
built up in the recirculating washing liquid. 
^ Removal of fiiilphtir dioxide 

When the gaseous effluent contains appreciable levels of sulphur 
compounds having higher oxidation states, particularly sulphur dioxide, but 
also sulphur trioxide or other oxidised sulphur compounds, an additional 
process step is required to reduce the sulphur compounds to sulphide. 

These sulphur compounds having higher oxidation states, when 
dissolved, are referred to herein as ''sulphite", but this term will he 
understood to include other oxidised species such as dissolved sulphur 
dioxide, hydrogen sulphite (bisulphite), sulphate, thiosulphate, etc. 

Reduction of sulphite to sulphide can be perfotmed by chemical means, . 
but preferably a biological reduction is carried out using an anaerobic 
reactor. Suitable bacteria for use in the anaerobic reactor to reduce 
sulphite to sulphide include bacteria reducing sulphur comnpounds (herein 
reffered to as sulphur-reducing bacteria) sudi as species, of the genera 
DesulfovibviOj Desulfotomaculum, DesulfomanaB^ Desulfobulbus , Desulfobacter,, 
Desuifocoecus, Desulfonema, Desulfosarcina, Desulfobacterium and Desul- 
fia^omas. In general, these bacteria are available from various anaerobic 
cultures and/or grow spontaneously in the anaerobic reactors. 

The pH of the washing liquid is preferably maintained at a level of 
about 6 to 7. This is higher than in conventional SO^ scrubbers in processes 
wherein the sulphur dioxide is fixed as gypsum, which typically use a pH , 
below 5.8. This increased pH results in a more efficient SOj scrubbing. The 
pH may be adjusted by the addition of buffering agents. Preferably, 
carbonate or bicarbonate is added to a level of 20-100 meq/1, for example 
about 30 meq/1. 
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The washing liquid may be conducted through the scrubber several times 
before being regenerated « In such a process, the (bi) carbonate concentration 
of the washing liquid is preferably higher, e.g. 30-200 meq/1. 

When SO2 is removed from gaseous effluents, the presence of sul^^ur 
in the washing liquid was also found to be advantageous. Reaction of sulphur 
with SO2 (or with HSO3") results in thiosxilphate formation. In the absence 
of sulphur, SO2 may be further oxidised to sulphate by the oxygen which is 
often present in combustion gases as well. As sulphate requires more 
reduction equivalents (electron donor) than thiosulphate does, less electron 
donor (such as alcohol) is required in the reduction reactor as a result of 
the presence of sulphur in the washing liquid. In addition, the absorption 
capacity of the washing liquid is increased by the conversion to 
thiosulphate- The sulphur level is between 0.1 and 50 g/1, preferably 
between 1 and 50, and most preferably between 10 and 30 g/1. 
Description of the figures 

The process for removing HjS and other reduced sulphur compounds such 
as lower alkyl mercaptans is illustrated with reference to figure 1. Biogas 
contaminated with HgS (1) enters the scrubber (2) at the bottom and is 
treated with washing liquid (9)« Purified gas (3) leaves the reactor at the 
top. The washing liquid (10) which is now contaminated with sulphide leaves 
the reactor at the bottom and is fed into the oxidation reactor (3)« where 
sulphide is converted to sxilphur by the bacteria present therein and oxygen. 
The reactor is supplied with oxygen by an aeration device (4) • Spent air (6) 
will have to be treated in a compost filter (7) because of its stench. The 
treated air (8) can be discharged without problems. The production of 
sulphur will result in a sulphur slurry (11) which is partially drawn off. 
The sulphur (12) from this slurry can be dried and utilised. The separated 
aqueous solution (I3) is recycled as much as possible in order to save 
nutrients and alkalinity. If necessary, alkali may be added to flow (9)- 

The process for removing SO2 and other oxidised sulphur compounds is 
ilustrated with reference to figure 2. 

The combustion gas containing SO2 (14) enters the scrubber (2) in a 
similar way. The washing liquid (15) containing sulphite is fed into the 
reduction reactor (I6) wherein sulphite is converted to sulphide by 
anaerobic bacteria. A part of the spent washing liquid may be directly 
returned to the washing liquid (9) by a short-cut (17)- The reduced washing 
liquid (18) is then treated in the oxidation reactor (3) as in the process 
of figure 1, An electron donor, e.g. alcohol, is added throu^ (19)* Fresh 
carbonate solution may be added throu^ (19) or elsewhere in the cycle. 
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Any gaseous effluent that can be treated with an alkali scrubber can 
also be purified with the process described herein, provided that the 
temperatiire is not too high for the biological activity. The process 
according to the invention is therefore not restricted to biogas^ It can 
also be used for treating combustion gases and ventilation air; in the 
latter case a phosphate buffer having a concentration of about 50 g/1 is 
preferred. 
Example 

An operating example for HjS removal is presented in Table A; numbers 
in the table correspond with the numbers , in the accompanying figure 1. 

The oxidation reactor (5) is a "fixed- film" reactor or a "trickldtag 
filter" and contains about 6 to? of carrier material having a surface area 
of 200 is?/m^. The dimensions of the scrubber (2) are (diameter x height) 
0.5 X 2.5 The reactor is filled with Bionet.200 rings (NSW company). 

. TABLE A, 



flow 



1 


concentration HjS 


0,8 - 1,0 % 


1 


concentration CHi, 


79 % ■ 


1 


concentration CO2 


20 % 


1 


riOH rate 


200 m^/h 


3 


concentration H2S 


150 ppm 


3 


concentration CH4 


79 % 


3 


conc^tration CO2 


20 % 


3 


flow rate 


200 mVh 


10 


sulphide concentration 


89 ag/l 


10 


bicarbonate concentration 


1 en 


10 


sulphur concentration 


3 % 


10 


pH 


8.2 


10 


flow rate 


30 mVh 


9 


sulphide concentration 


< 5 mg/l 


9 


sulphur concentration 


ca 3 ;^ 


9 


pH 


8.1 


9 


flow rate 


30 mVh 
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Claims 

1. Process for the removal of sulphur compounds from a gaseous 
effluent, comprising the steps of: 

a) contacting the gaseous effluent with an aqueous solution wherein 
sulphur compounds are dissolved; 

b) adjusting the concentration of buffering compounds such as carbonate 
and/or bicarbonate and/or phosphate in the aqueous solution to a value 
between 20 and 2000 meq/1; 

c) subjecting the aqueous solution containing sulphide to sulphide- 
oxidising bacteria in the presence of oxygen in a reactor wherein sulphide 
is oxidised to elemental sulphur; 

d) separating elemental sulphur form the aqueous solution; and 

e) recycling the aqueous solution to step a) . 

2. Process of Claim 1, wherein the gaseous effluent in step a) 
contains hydrogen sulphide and the concentration of buffering compounds in 
step b) is adjusted to a value between 100 and 1500 oeq/l. 

3. Process of Claim 2, wherein in step b) the buffering compounds 
comprise carbonate and/or bicarbonate the concentration of which is adjusted 
to a value between 200 and 1200 meq/1, 

4. Process according to any of claims 1-3 • wherein the pH of the 
aqueous solution is adjusted to between 8 and 9. 

5. Process according to claim 1, wherein the gaseous effluent in 
step a) contains sulphur dioxide, comprising, after step a) and before step 
c) , the additional step of subjecting the aqueous solution containing the 
sulphur compounds to a reduction of the sulphur compounds to sulphide. 

6. Process according to claim 5, wherein the reduction is performed 
using bacteria reducing sulphur compounds. 

7. Process according to claim 5 or 6, wherein the concentration of 
buffering compounds is adjusted to a value between 20 and 200 meq/1. 

8. Process according to any of claims 5-7. wherein the pH of the 
aqueous solution is adjusted to between 6 and 9. 

9. Process according to any of claims 1-8, wherein in step a) the 
gaseous effluent contains carbon dioxide. 

10. Process according to any of claims 1-9. wherein after step d) 
the aqueous solution is caused to contain 0.1-5Q g of elemental sulphur 
per 1. 

11. Process according to claim 10. wherein in step e) the aqueous 
solution contains 10-50 g of elemental sulphur per 1. 



wo 92/10270 



1/1 



PCr/NL91/00250 




INTERNATIONAL SEARCH REPORT 

Iitnadoul AypIIolioD No 



PCT/NL 91/00250 



L CLASSIFICinON OF SUBJECT MATTER Of scvvai dasaficatioQ symbols apply, iniicit* 



Accortfiagto iBtcmattaul Pttot CUssilicatioB QPQ or to botb Ntdflul OisslficalioB and IPC 

Int.Cl. 5 B01D53/14; B01D53/34; C02F3/34 



IL FIELDS SEARCHED 



MlBfiBWi DocmacBtatioB Scarcfac^ 



QassifieatioB S 



GassifiatioB Sjimbols 



Int.Cl. 5 



BOlO ; 



C02F 



DocucBcntation Searched other than MiairaiUB DoconcDtation 
to tha Extent that sach Doamcnts ar« Isdttdcd in the FieUs Searched* 



UL DOCUMENTS CONSIDERED TO BE RELEVANT* 



GatefDiy'* 



atatfoB of Doooicnti ^ with iBdicatioB, nhcre appraprialc, of the reievaat passages ^ 



Rdevaat to Qaim SoP 



NL.A.8 801 009 (RIJKSLANDBOUVfUNIVERSITEIT 
WAGENINGEN) 16 November 1989 
cited In the application 

FR,A,2 328 501 (DAIMLER-BENZ A.G.) 20 May 1977 



' Special catcfories of dted doaomts : 

'A' doGoaMBt deSniBf the feacial state of the art nUch Is not 

coBsidefcd to he oiF particular ratawBco 
V earlier docaaat hot pohUshed OB or after the iatmatioaal 

fiUBgdate 

*L* doataent which Bay throw doabts 00 BriaritydaiiaCs) or 
which is dted to esimhUsh the pobttcaaoa date of aaothcr 
dtatioB or otiicr special rasoB (as specified) 

'O* doaia«it RfeiriBf to an oral dbdosare, ns^ cxhiUtioB or 



*?* docanentpabUsfaed prior CO tbtlBtOBBtioBalfillBg date but 
later tfaaa the piioiity date daiflud 



later docunest published after the iBtcmatkmalfUlBgdito 
or prioiity dale and not in conflict wbh the appQcatlon hot 
dted to nndcntand the piindple or theory UBdcflyinf the 
bvtndoo 

"X* docamcnt of particolar relevance; the daiflMd invention 
cannot be coosida'od novel or cannot be considered to 
Imaivt an inventive step 

^Y* docmaent of particniar rdevnace; the dalBied inventieB 
onnot be coosidvad to iovoive an inventive sUp when tho 
docaaent is eonblned with one or more other snch docn- 
Bcnts, such combination being obvious to a penon skilled 
In the art. 

'dk* docameat member of the same patent family 



IV. CERTIFICATION 



Date of the Actual CoapletioB of the International SearA 

23 MARCH 1992 



Date of Mailing of this IntematioBal Search Report 

30. 03.92 




Intenational Smrching Authority 

EUROPEAN PATENT OFFICE 



■ PCT/ISA/2U 



<HTwry Itas) 



ANNEX TO THE INTERNATIONAL SEARCH REPORT 

ON INTTB^AnONAL PATENT AP^^^ SlOOgO^ 

Ite raw fiste liie pucnt fiudly membets reUting to «he ptfmt doeumats dted fa tl» •lloifMiwittaiied intontioiHU scrdi report. 



PateaC document 
dted in search rqpoit 



Publicadoa 
date 



Pifeiit tanly . 
BieubefCF^ 



PubUcadon 
date 



NL-A-8801009 



FR-A-2328501 



16-11-89 
20-05-77 



None 


DE-A- 


2547675 


AT-B- 


. 370008 


NL-A- 


7611697 


SE-B- 


418576 


SE-A- 


7611783 



05-05-77 

25- 02r83 

26- 04-77 
15-06-81 
25-04-77 



I For more ■boot dus aniiex : see OiBcnl Jounul of llio Europeaa Patent Office, No. 12^82 



